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MU'ON BEAM POLARIZAT'OM AT THE LAMPF BIOMEDICAL CHANNEL

M.A., Pa.fotti, J,N, Bradbury, R. H. Heffner, M. leoca, D. Rink, and O.M, Rivera
Los Alamos National Laboratorx
Los Alamos, New Mex{co 87545

Summarv

Recent modificatiecns to the LAMYF Biomedical Chan-
nell have {mproved versatility for stopping pion and
muon phvsics experiments, High muon pclarization was
achieved bv favcrable kinematic¢ selection of the decay
muons. This pola-ization has becn measured and found
to be close to the design expectation of about 852,
The Hanle metiind: was emploved to mensure the polariza-
tion hv ohserving left-right decav asvmmetrv at right
angles to the beam with small pracession flelds (0-50
gauss )y, This technfaue {s particulsarlv suitable for
lgh=intensitv muon heams,

Introduction

The mucn beam polar{zation has heen measured for
bavkwari-Jecav tunes previously repnrledl. Comparison
<« mate hetween these measurements and design calcula-
tinns carried out with the progran TURTLE 3 containing a

Q- QUADRLPOLE MAGNET
medificattan far estimating polarization. The Hanle T.RION-BRIGUCT 'ON TARGE™
wvoopotarizatior measuresent was found to he B- BENDING MAONET
and vasv to {mplement, €978
L MOMENTUM-C SPERSIDN  PUANE
Desoription of Backwari-Deoay conffguration
The tirst sectisn or the chanaes! focugses a4 dla- M- BLAM MON TR Lo
persed hear o ar che momeatam dispersion plane D oand <11t . . 3 R
o . TRANG £ &S . :
SOodnadicated e Frgore 1 Mu s are n'nllu»ch" {rom DL::E‘ED'( 2 ¢ |
ot decave I the ropiar hetween R and K1 and the L T
tirsy portion of Hi, Flements B4 ang 94 provide momen- o .
tur Analvsic of the hackwar!-decry muons; a momentum R, ,
dispersed pmage ot 21l S0 18 toraed hetween Qo oand ()Y,
The slit S3ar thitic second dead-plane tocus selects the
mometgr Bloe b che analsrets The slit SO Timite the
Sorrce stz bt the ananveer as we'l o oas the mpomentum
sereatoctothe e hean proadndng the mions. The gy LAY homedical channel configured ior hack-

tiphtent constralat oavallabic tor obtainiag muons of watd-de.av muon heams, The decavy region {8 hetween RY
hiyd  polarizalt oy f0 a nartiow momentum Ut on muons nad BV and extending loside B3,
who voare derived troroa pion heam with o a oamall momen:

tar wpreats B st ratate ara reattzed with amall

L N L LN I bty cal aiatd e and experiment vector ? {a determined by thisx cosine with reepect tno
v N . - e e Y 1 i N . " g N o
n Targe dmye '\-.n. oo polarization was found by the muon directton ant an azimathal decav angle,  The
+ [ by . Ne e YR Yyer . + . .+

tarisy the analveer o o the law momentum side of the potartzation vector % of  each accepted  muoee fe
BN w momeatar ey oan! s the tYe analve o was wet

profected an to the  channel central axis oan! then
averaged over all muons,  The resulting average, taken
at the channel ex{*, 1+ the oneam polartzatton al e the
axta: In general the bheam polarfzati o ftsaelt will not

he alipgned with the ventral axie,
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Voot b o

Averape Bean YPalarfzation
Folarleat o war et imatet with TURTLE Y madtffed

t o e bade 0 RTTERY . lar »
e vhoniattn the polamtzatton along the Muons f,om decave withes RE are not properiy mo

;‘i::"“ 'tni ! ofomemaan et the mion g the aborateny mentum analvzed and glve rise to the followting  ompid
cating effect: Within RY plons tollow a path ot darye
radfun and produce puone that travel toward the {nufde
of the atc that can he acoepted by the svuatem ant

- . tnttoduve an anvametty o the bend plane of the channed

' Y‘ IIP. B tan well am yeduce polarization), That (s, muon angien

o ro Yot {n the plon rest frane toward =X are preferted,  As a
"

v result, the muon heam acquiven a net X-component’ of
potattization which {n dlrected toward +X,  This occurs
hecaune  the negative heltotty of the u! An the plon
reut frame (a reveraesd fn the lah for hackward decava

Hete 7 fa e polavizat o veotor, Py oand & ate the while the component perpendicular to the oripinal plon

moaes momentar amd enerpy fa the lab “‘\o and b ,oare dn veloclty tn not reverued, Muonas  origionating fn the

the plan pest tramed, and o - L, me e The polartzatton drift reglon alao have a porttive Y-component of polar
fratton due to the tact that  plons there have ap

"ok prtformed andet the suaploes of the N, Depart average _oattive X7 wloape of 20 to dnomt, Thetelore

ment of bnetypy moonae ate preferentially accepted with negatlve decay
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angles in the pion rest frawe wvhich give them a smaller

&ngle to the central axis and a larger acceprance. 1 F:
»
At the channel exit, the polarization components A 4 ’ ‘l
along each axi. sre the average projections of the po- r -
larization vector 2. These are 7_ = 0.16, Ly * 0, and r
| 0.87. It is assumed thlt'{ has not precessed _ . 17 "
around the muon direction wvhile traversing the channel .
from the point of pion decay. The resultinp calculated . “ - ;.". PUREE —
beas polarization is 0.88 and {s tilted toward +X by '
0.18 radians. The calculation alse predicts fmprove-
ment in pelarization through collimation of the output f 4 1 b
beans wvhere the higher momentum particles collected L. : P ’
from within B] are not well focused. L " R |
a . >
Polarization Measurements i ..,'
Hanle Measurement Method '_-'

Hanle" obrerved magnetic depolarizatinn  of
reconance fluorescence. The magnetization of vapors
produced bv polarized light was precessed by small may-
netic fields oerpendicular to the magretization while
the deexcitatirn radiations were analvzed and recorded.
In the muon case, the svaten is "punped” with the full Fig. 2. Experimenta! data and firted fun tion for the
muon stoppiap intensity available (up to 1N u"‘,“‘_ advapetry 12=7410+%4 as A& functi-n of the franciers
during the pulse) allowing manv muonk to he present {n BaRrnetic field B. A poritive asvameiry meass that sore
the target at the same time. The stopped muons, polar- COUNt< are present an the +¥ gide of the arned,

{zed downward, produce the maxiaum observed decay
poritron right-left asvmme'rv at a transverse fleld H
of about & gauns, which results in a muon precession af

ahnut A radian in one lifetime 1. A single counter The enllfmators and  tarpe:, eac’ llwil.~, were
telercnpe alipned at 9 degrees 1o the central axis of sized to accept an larpe a transverse fractioc of e
the channe! will mee a posiiron rate propartional tof: heam ar reasonable since TURTLE gave lawer pelarvizarioe

for the tafls of the ¥ an! Y hear praftles,  The
granhite target thickness ! 1,0 g ocr® atorge! ah o
9" uf the hear. Not all ! the YWiphe=arent = tail s
', Ela! (1) stopped  dr this tarpet; wwever the  tarper e

R-
+ T 1= R repreaentat ive of what might he usred {5 an e 2perinent,

‘
i

- "' _\—
b=l

Here a {8 the mu.n decav asvmmetry equa'! to '3, P s
the polartzatie o the stupped hear In the praphite
tarpet wi) we take t. o he the polarirzation of the hear .
e, the precessiaor angulsr velocfty fs vH and 1 is .
the anple bhetwee: the polartzation vertor and the X

rertra) axis,  The f{1e! term, known as dispersfve, (-

do=imant an! treptesents the signal frop the polastza-

Y1 the second, abrorptive, tere 1o coiL
dur to the patartsactor component alony X The pencral

shgie 0! the tunction (e ceen o in Tig. (.
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tl oo combanan!t alomy

Frrerimental Setu)

Twe Hanle method wasn emploved be ause of the ecase
af the vrperiaental aetup, requlring only a cofl and g

4
{re (oUNtere, Vipure 1V mhowe two countel le'sacoprs
vieos{yy the graphite tarpet at right anples to the
verti-al renttal axfs,  Fortunately the counters were
placed tn the hend plane of the =hanael rather  thar GRAPHITT *
perpendicular ta 11, Although It wan tealired that the TARGE !

pelartzation sav a'feced by untfavorahle decave in the
third bhend BV 0 (1 wan not appreciated before the es-
periment wax ran that the polarization veetor of the
beam woul' he rotated in the hend plane, giving rise to
differen.en In the fanle signal hetween porftive amd
negative tieldn, foea, non-para 2 in tg. (1), (See
Fip. 7o) We dfd unt allow for rotation of the setup
About  the verthiel axis, rvontrary to the general
recommendat ton to do ao for asvmmetry eapsiiments, A
rotation of the appatatus by 1RO deyress won'd have
ahowe: the effect tee b 1o the chame!l rather than in
the apparatas,

Fig, V. Geometry for measursment of hean polart tion,
RV MeV/r |\ entern f.om ahove, travernen V.0 rm
polvethviene degrader, (n collimated with Cerrobend
piecen, and entrrm an AT! graphite targel. Asvametries
17-%47)2004 and 12A-VaB LAV VAR are weanursd an a fune:
tion of the fleld M. Countern 1 and 4 ave located sach
972 ca frvwm the heas arla. Countern are 106 {neh
thick, Counter 1 tn on the ¢X alde of channe!l, and
posttive fleld B fu along Y or out out the paper and
Preceynen |-' toward =X giving negatfve anvemetry,



The slanted target introduces cons{derable
right-left solid angle difference for the triple coin-
cidences, those {ncludiny counters 4 and B, Although
there is no problem {n the analvsis of this data, a

svametrical design would have been more suttahle,®
Analvsis of Measured Asvmmetries

The complete treatment of <he Hanle method and
data analvsis was carried out bv Roesch et al. as part
of a muon capture experiment.® Thev developed a func-
tion for the asvametrv between right and left counters
based on Eq. (1), (where the overall sign is reversed
for the telescope on the -X side of the channel). The
right/left count rat{os are norsalized to the count
ratic at B=, accounting for the lifiering solid ang.es
on the two sides, The usual asvametry is then foirmed
from the normaiized ratios. The resnlting fit to their

functioanal torm glves for the 12-34'12+3%% asymmetrv
ab = =2n 1 s 0"

L0 ol radians,
™ tror the data with a doudle co-
The negative sign onlv reflects
positive B, The fitted
The corresjonding fit to the

{s devived
{ncidence op each arm.
out hofve of direction for
curve te ghown {a Fig, 0,

S oresult

PoA-dLaR 10As 4R asvametry, not shown, s
at =W + e
= - Llie 0 o0 D radians,
Trre o resalt comes from the data with oa triple cofnetl-
dence oroeact arm, The masn l{tetdme s fixed in these
tits, Variation ot the muon lifetime alters the titted
atoobhy g facrtar 9000 and the fitted lfetime 1s 37
Low,  The tatyet-out backyrsund covrectdion {s 1,07 for

data and 1.0l 1o

Poiattsationg ot

the dourlew the tiiples, giving bean

Poodonbhlon data) = N2

Foitrfpleos datay =

Althoapt. the wtattstical errar for this procedure
fo ondy 0N Kone camment {8 QeceRRaTv., The triple
cotn b dence polariesatyon {5 higher as expected bhecaune

col -
this beam,
M the phare space

af the restricte ! viow of the targe*, effmctively
Pinatiay the Incident heam,  So at leart for
the podattiear o e highly depeadont

Actaally ohuervetoand a single q  *atfton §s not muftf-
chenty However o the Hanle method {6 capable of prect-
sEovs meaveirement  of polattzatian tor a given geometry
of ol imatore and target,

Too chek that the sign of the anple * tx conris
tent with the TURILE prediction, notfee that a compo-
nent  of  polarteatton along X will tnduce a poritive
aavmret iy dn the aignal near Red due to the Y decay

anvemetty,  The effect of this abhmorative term goes to

et At large N, S the aignal te increaned for small
B oand unaffected at larye W, But  winee all data o
notmattzed at Retr the overall eftect $n to reduce tin
stynal antformly at la, e B, reduce the migaal lesn and
tows an B o teduced, and foree the aignal to be zero
At Nen o whiich s exactly what in meen in Fig, 2, The

chowesn  tor
arnritive to a net

drection
moasurement {n not
polarization,

Aryament  An Andependent  of  the
ponitive I The
Y ocompanent of

Corrections to the decay asymmetry a due to
positron ecattering were sought with a targe: of half

the normal thickness, The aP values increased by
factors 1,025 for the doubles data and 1.016 for the
singles. This effect is however attributed to iaprove-

ment 17 F rather than change in a. The higher-momentup
muons arc not stooped by (he thinner target, and these
are just the ones with lower poisrization, as they come
from within R}, The triples data alreadv exclude some
of these muons as described earlier, and so the effect
should be sealler. As a verification, a Monte Carlo
simulation was done for a simple gReometrv with the muon
spin along the axis of the telescope. All positron
processes in the target are handled Ly this code,
although the effect of the {ield on outgoing positrons
was not included. No significant deviatioun trom a=l/3
was found.

An  inte esting experimental test related to
positron scattering and absorption was done with 2"
rhick Al blocks located in the path of the posi{trons in
front of Counter ; and in front of Counter 2. Attenua-
tion of lower energv pos.:trons resulted in a 50° in-
crease {1 the effective decav asvametrv a for A0% re-
duction in counting rate, )

Conclusion

Agreement between measured and calculated polari-
zation {8 not completelv satisfactorv. Low measured
polarization could be caused by unexpected loss of po-
larization {in the graphite or scme other (orrectinn tn
a. A high calculated polarfzation could be caused by
an {mperfect modeling of acceptance {n TURTLE,  The

agreement for the rotation of % {s onlv qualitative,

and the difference {s et undersdtood, Longitudinal
fields, such as those at the exit of B3, will rotate to
some oxtert ¥ around the muon direction. Clearly a
more general approach to polarfzation calculatiorn {s
necersary, particularly {f the orfentation of the heanm
polarfzation {s {mportant,
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